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Description 

[0001] This invention relates to a twin-roll continuous casting method and apparatus for conducting in-line rolling of 
a thin sheet casting during its transfer, and more particularly to an improved twin-roll continuous casting method which 
s improves the rolling conditions in in-line rolling and a twin-roil continuous casting machine used for this method. 

[0002] This invention relates to a production method of an ordinary steel sheet corresponding to a hot-rolled steel 
sheet by using a cast strip produced by the present method as a starting material, and more particularly to a method 
of reducing variance of materials typified by elongation of the steel material. 

[0003] Generally, a twin-roll continuous casting machine is known as an apparatus applying a Bessemer type con- 
10 tinuous casting method, and is used for producing a thin metal sheet by pouring a molten metal between a pair of 
watercooled casting rolls and solidifying it. 

[0004] The production of the thin sheet by a twin-roll continuous casting machine 11 of this kind is carried out as 
shown in Fig. 3. A molten metal L is poured from above and between a pair of casting rolls 12a and 12b disposed with 
a predetermined gap between them as shown in the drawing, and these casting rolls cooled inside with water 12a, 12b 

IS are rotated Inwardly downward. Then., the molten metal L are brought into contact with the casting rolls 12a, 12b and 
is cooled, and is solidified as the solidified shell S in an arcuate form on the surface of each casting roil 1 2a, 1 2b. Each 
solidified shell S Is brought close to the other with the revolution of the casting rolls 12a, 12b and is pressed at the 
minimum portion of the roll gap (hereinafter referred to as the "roll kiss point") Into a casting C having a predetemriined 
thickness. The casting C is pulled down- from between the casting rolls 12a. 12b. 

20 [0005] In this case, it is the point F (hereinafter referred to as the "solidification start point") at which the molten metal 
L comes into contact with each casting roll 12a, 12b that solidification of the solidified shell S starts. Each solidified 
shell S which starts solidifying from the solidification start point F of each casting roll 12a, 12b continues to grow till 
the roll kiss point, and at this roll kiss point, each solidified shell S is rolled into the casting C having a predetermined 
thickness. 

25 [0006] An associated technology for winding the casting C so produced onto a coiler as-cast and shipping the product 
is described in JP-A-58-359. 

[0007] The gist of the invention disclosed in this prior art resides in the following point In the method, a runner box 
encompassed by a frame is defined between a pair of water cooling rolls and a tundish, and the upper surface of a 
molten steel runner box frame is brought into close contact with the bottom surface of said tundish so that an iron 
30 hydrostatic pressure of the molten steel level inside said tundish is allowed to act on the solidified shells fonrned on the 
pair of said water cooling roils. 

[0008] Because this process can obtain a thin cast strip having a casting thickness equivalent to that of a hot-rolled 
steel sheet obtained through existing rough rolling and finish roiling, at the time of casting, the process can eliminate 
the hot rolling step according to the prior art and can drastically reduce the cost of production. IHowever, the steel sheet 
35 in the form of the cast strip as it is involves the problem that it is inferior in the aspect of the material. 

[0009] In other words, according to the invention of the prior art. the casting so produced is used, in the as-cast state, 
as the product. Therefore, the crystal grain size is great, and both elongation and machinability are low. In other words, 
satisfactory mechanical strength cannot be obtained. Further, because scales of about 100 \im adhere to the surface 
of the thin sheet casting as-cast, the surface of the casting is rough and coarse. 

[0010] Therefore, in order to finish the casting C so casted to the product, there are a method which removes the 
scales of the casting C after casting, rolls it into a predetennined sheet thickness by hot rolling and winds the resulting 
strip on a coiler, and another which removes the scales of the casting C after casting, rolls it into a predetemriined sheet 
thickness by cold rolling, anneals the resulting strip and winds it up on the coiler to obtain the product. 
[0011] A method of finely refining the crystal grain size is described in JP-A-63-115654. 

**s [0012] The gist of the invention disclosed in this prior art resides in the following point. In the method, heattreatment 
of cooling a metal thin sheet so casted to a temperature below an A^ transformation point and then heating it again to 
a temperature above an A3 transformation point or heating and holding it at said A3 transformation point and again 
cooling it to a temperature below the A., transformation point is repeated at least twice in an in-line state. 
[0013] JP-A-60-83745 discloses a method of making the texture fine by imparting several times hot-rolling to the 

so casting at a total reduction ratio of at least 20%. 

[001 4] These means all intend to improve the materials by making the metallic texture fine by utilizing recrystallization 
or transformation. As to factors other than such a metallic structure, the reasons why the matorials of the steel shoot 
in the fonn of the thin cast strip are inferior have not been sufficiently clarified. When the materials of the thin cast strip 
are discussed, no prior art references inclusive of the references described above have ever made mention of fluctu- 

55 ation of the materials, that is, variance. 

[0015] In the invention disclosed in the prior art of JP-A-63-115654, the crystal grain size is converted to a fine grain 
size by conducting cooling to the ferrite («) zone immediately after solidification and heating to the austenite (y) zone. 
However, there remains the problem that the cost of equipment increases because the entire length of the metal thin 
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sheet casting machine used is elongated. 

[0016] JP-A-01 -1 66864 discloses a twin-roll type continuous casting process, however this reference discloses noth- 
ing on in-line rolling process and a specific oxygen concentration in combination with a reduction ratio to obtain an 
improved grain size and surface roughness. 
5 [001 7) By the way, In order to obtain a product from the casting C by in-line rolling, hot rolling is used more preferably 
than cold rolling so as to prevent the increase of the entire length of the machine. 

[0018] Generally, In a case of an inferior material, one is inferior in the characteristics itself and the other is inferior 
in the fluctuation of the characteristics. In the latter case, though the fluctuation of the material is a predominant problem 
in a discussion of the steel material since the lowest limit value of the property of the material should be adopted due 
10 to product liability as the property of the material, the thin cast strip produced by the process has not sufficiently be 
studied in view of the point. 

[0019] The object of the present Invention is to provide a method for reducing the fluctuation of the material in a 
common steel sheet equivalent to a hot rolled steel sheet produced from the thin cast strip as a starting material, which 
is thought to be Inferior in the characteristics of the material compared with the present hot rolled steel sheet. 
15 [0020] In view of the problem described above, it is an object of the present invention to provide a twin-roll continuous 
casting method, which can produce a thin sheet having excellent mechanical strength by reducing homogeneously the 
crystal grain size to a fine grain size by in-line hot rolling and having excellent surface roughness free from skin rough- 
ness, and which can reduce the cost of equipment. 

[0021] The above objects are solved by the features specified in the claims. 
so [0022] The invention is described in more detail in connection with the drawings, in which: 

Fig. 1 is a schematic side view showing a twin-roll continuous casting machine according to one embodiment of 
the present Invention; 

Fig. 2 is a graph showing the relation between a mean crystal grain size and a crystal grain number; 
25 Fig. 3 is a side view showing the principal portions of a conventional twin-roll continuous casting machine; 

Fig. 4 is a side view showing a cut-off housing for establishing therein an inert atmosphere; 
Fig. 5{a) is a side view showing a cut-off housing in the vicinity of the twin-roll; 
Fig. 5(b) is a detail view of A portion in Fig. 5(a); 

Fig. 6 Is a front view showing a cut-off housing in the vicinity of the twin-roll; and 
30 Fig. 7 is a graph showing the relation between a reduction ratio and a surface roughness. 

[0023] According to the construction of the twin-roll continuous casting method of the present invention, after the 
casting Is solidified and temperature-controlled by the pair of water cooling casting rolls, it is rolled to a predetemnined 
sheet thickness by the In-line rolling mill. In other words, the rolling temperature of in-line rolling is regulated to the 
35 temperature range in which the austenite structure exists In the matrix of the casting, and the reduction ratio is set to 
from 5 to 50%. 

[0024] The temperature range in which the austenite structure exists in the matrix of the casting is concretely a 
temperature of BSO^C to less than 1 ,350*C, and the reason why the temperature is regulated to such a temperature 

range Is to uniformly and finely reduce the crystal grain size of the casting to a fine grain size by a suitable rolling force. 
^0 In other wordS: when the rolling temperature is less than 850'C, the rolling force becomes great and the recrystallization 
time gets elongated. Therefore, the production line must be elongated. 

[0025] Moreover, when the rolling temperature is less than 850**C, it is possible that a ferrite transformation occurs 

and a final structure becomes a worked structure, with the result that the elongation remarkably lowers. 

[0026] When the rolling temperature is higher than 1 , 350^*0, on the other hand, the effect of uniforming the grain 

45 size can be obtained, but due to the high temperature, the crystal grains grow after rolling and the refining effect drops, 
[0027] Moreover the preferable range of the rolling temperature Is 900 to less than 1 ,250'C in the present invention. 
[0028] The reason why the reduction ratio is set to 5 to 50% is to obtain a strip having a desired surface roughness, 
a crystal grain size and elongation but free from processing skin roughness. In other words, when the reduction ratio 
is less than 5%, the surface roughness and the crystal grain size become great, the elongation drops and processing 

so skin roughness occurs. Further, when the reduction ratio was less than 5%, variance of the as-cast materials cannot 
be reduced. In other words, a very small fluctuation of the sheet thickness and internal defects such as shrinkage cavity 
of the ascasted material cannot bo eliminated, and variance of the materials occurs. On the other hand, when tho 
reduction ratio exceeds 50%, the surface roughness becomes nonuniform and accuracy of the sheet thickness also 
often is lowered due to strong working. 

55 [0029] When the inert gas atmosphere is secured from the casting rolls to the entry side of the in-line rolling mill, 
high temperature oxidation of the casting can be prevented. In this case, when the atmosphere is an inert gas atmos- 
phere of an oxygen concentration of not higher than 2%. roughness of scales adhering to the surface of the casting 
can be extremely lowered, and a strip with sound surface quality, e.g. small surface roughness, can be obtained. 
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[0030] Fig. 7 shows the relationship between a reduction ratio % and a surface roughness Rt of the casting. The 
figure shows a result in C: 0.04% and in-line rolling tennperature: 1 ,100*C. In air atmosphere (21% O2), the surface 
roughness Rt increases with the reduction ratio increment, with the result that the surface roughness is inferior than 
that in non in-line rolling. 

5 [0031] However In not higher than 5% of atmosphere oxygen, the reduction ratio effect is small. If the reduction ratio 
will be selected in an appropriate range, the surface roughness Rt of around 1/2 of that in non in-line rolling can be 
obtained. 

[0032] On the other hand, according to the construction of the twin-roll continuous casting machine, the casting 
machine is equipped with the in-line rolling mill for rolling the casting solidified by the pair of water cooling casting rolls 

10 into a predetermined sheet thickness. A thermometer for measuring the temperature of the casting immediately after 
solidification and a temperature regulator for regulating the temperature of the casting on the basis of the measurement 
value to the temperature such that the austenite structure exists in the matrix of the casting are disposed on the entry 
side of the in-line rolling milt. This temperature regulation is executed by adjusting a distance to the rolling mill, that Is 
by adjusting an existing time In the cut-off housing. 

^5 [0033] When the temperature of the casting immediately after solidification, which is measured by the themriometer, 
is tower than the temperature range in which the austenite structure exists in the matrix of the casting, the casting may 
be heated by other means, e.g. a heater, to this temperature range and Is then rolled by the in-line rolling mill. When 
the temperature of the casting is higher than the temperature range in which the austenite structure exists in the matrix 
of the casting, the casting may be cooled by other means, e.g. a cooler, to the temperature range described above 

20 and is then rolled by the in-line rolling mill. In this instance, if the reduction ratio is set to 5 to 50%, a strip having a 
desired surface roughness, crystal grain size and elongation but devoid of ridging due to working can be obtained. 
[0034] When an air-cut-off housing is formed between the casting rolls and the entry side of the in-line rolling mill 
and the inside of this housing is kept in the inert gas atmosphere, high temperature oxidation of the casting can be 
prcvontod. 

25 [0035] The method for producing a steel sheet according the present process has been accomplished by finding that 
these characteristics of the material is improved and the variance of the material is remarkably reduced due to the one 
pass additive rolling of hot rolling after solidifying. After the rolling, it is desirably that the strip is water cooled and colled 
at 500 to 700"C as same as the present hot rolling process. On the other hand, a subsequent process of pickling, skin 
pass rolling, etc. may be conducted according to the present hot rolled steel sheet. 

30 [0036] In the present invention, the variance of the material is shown by standard deviation a which is calculated 
from statistics processing of the overall elongation variance, at the time of executing J IS No. 5 tensile test. And a 
technical feature of the material in the present invention is within 5% of the standard deviation of the overall elongation. 
[0037] Although the chemical components in the present invention are not particularly limited, the inventors of the 
present invention have acquired the following observation. Carbon is the most important element for determining the 

55 strength of the ordinary steel, and its amount of addition may be suitably selected in accordance with a desired strengtn. 
[0038] Silicon, too. is added in a suitable amount as a solid solution reinforcement element in the ordinary steel. 
However, when its amount exceeds 1 .5%, its pickling property will be deteriorated. Therefore, the amount is preferably 
not greater than 1 .5%. 

[0039] Manganese, too, is added to the ordinary steel as a reinforcement element in the same way as C and Si. 

•^0 Generally, Mn is added in an amount at least five times the amount of sulfur in order to prevent hot brittleness resulting 
from S. However, from the aspect of weldability, the amount of Mn is preferably not greater than 2%. 
[0040] Basically, the amounts of phosphorous and sulfur are as small as possible, but no problem substantially occurs 
so long as their amount is not greater than 0.05% because unnecessary ultra-low phosphoration and ultra-low sulfuri- 
zation will invite the cost of increase during the steel production process. 

•^5 [0041 ] Other elements contained in the steel are not particularly limited, either, in the present invention. For example, 
trace amounts of Nb, Ti, V, B. etc., are added to the steel in order to improve the mechanical properties of the steel 
material such as strength and ductility, but the present invention are not at all affected by the addition of these elements. 
On the other hand, when the scrap is used as the primary raw material, elements such as Cu, Sn, Cr, Ni, etc.. mix as 
unavoidable elements, but the present invention is not at all impeded by the presence/absence of these elements. 

50 

EXAMPLES 


[0042] Preferred embodiments of the twin-roll continuous casting method and the apparatus therefor according to 
the present invention will be described in detail with reference to the accompanying drawings. 
[0043] Figure 1 is a schematic side view showing an embodiment of the twin-roll continuous casting machine ac- 
cording to the present invention. In the twin-roll continuous casting machine 1 of this embodiment, a pair of casting 
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rolls 2a and 2b each equipped with a water cooling function are disposed with a predetermined gap between them as 
shown in the drawing. Side weirs 3 are disposed at both end portions of these casting rolls 2a. 2b. and a hot well 4 for 
storing a molten metal L is formed at the portion defined by these members. 

[0044] The molten metal L Is charged from above Into the hot well 4. When the casting rolls 2a, 2b are rotated Inwardly 
5 downward while being cooled with water the molten metal L Is brought into contact with the casting rolls 2a, 2b, Is 

cooled by water, and Is solidified in an arcuate form on the surface of each casting roll 2a, 2b: as a solidified shell S. 

Each solidified shell S is brought close to the other with the rotation of the casting rolls 2a, 2b, is bonded at a roll kiss 

point K and is converted to a casting C having a predetermined thickness. The casting C Is then pulled out downward 

from between the casting rolls 2a, 2b. 
10 [0045] An in-line rolling mill 5 for rolling the solidified casting C Into a predetermined sheet thickness by hot rolling 

is provided on the downstream side of the casting rolls 2a, 2b. An ordinary rolling mill Is used for this in-line rolling mill, 

but because a rolling ratio of from 5 to 50% Is employed for the sheet thickness of the casting C, a rolling mill having 

such a reduction capacity is used. 

[0046] A thermometer 6 for measuring the temperature of the casting C Immediately after solidification and a tern- 
's perature regulator 7 for regulating the temperature of the casting C within the temperature range in which an austenite 
structure (7) exists in the matrix on the basis of the measurement value are disposed on the entry side of the In-line 
rolling mlH 5, Besides a thermo-couple of platinum-platinum rhodium (Pt-Rh), for example, a thermometer capable of 
measuring the temperature within the range of from about 700 to about 1 ,500'C is used as the thennometer 6 described 
above. A heater 7a such as a high frequency Induction heater or a warmer and/or a cooler 7b such as a water cooler 
20 is used as the temperature regulator 7. 

[0047] The other of the warmer is preferably a steel cover, etc. pasted Innerside by refractories (e.g. fabric kaolin). 
The other of the heater is preferably a gas burner, etc. More, the other of the cooler Is preferably a movable roll for 
adjusting cooling due to time increment during transferring, a pneumato-hydato cooler, etc. However, the present in- 
vention docs not restrict those. 
25 [0048] More concretely, when the temperature of the casting C immediately after solidification is measured by the 
thermometer 6 and the measurement value is out of the temperature zone in which the austenite structure (y) exists 
in the matrix of the casting C, the regulator 7 heats or cools the casting C and regulates the rolling temperature. In 
other words, when the temperature of the casting C is lower than 650^C, the casting C Is heated by the heater 7a to 
850**C but less than 1 ,350*C and is then rolled by the tn-ilne rolling mill 5. On the other hand, when the temperature 
30 of the casting C is higher than 1 ,350®C. the casting Is cooled by the cooler 7b to the temperature ranging from 850**C 
to less than 1 ,350**C, and is then rolled by the In-line rolling mill 5, 

[0049] The thin casting C rolled by the in-line rolling mill 5 is sequentially taken up by a coller 8 disposed on the 
downstream side of the In-line rolling milt 5. 

[0050] An air-cut-off housing 9 Is disposed from the casting rolls 2a, 2b to the entry side of the in-line rolling mill 5 
35 in such a manner as to encompass the conveyor line of the casting C. An exhaust apparatus (not shown) for exhausting 
the inside of this air-cut-off housing 9 and a gas feeder (not shown) for supplying an Inert gas such as argon (Ar), 
nitrogen (N2), etc., Into the housing 9 are connected to the air-cut-off housing 9. 

[0051 ] Next, the twin-roll continuous casting method of the first embodiment which is practiced by using the twin-roll 
continuous casting machine 1 described above will be explained. The casting rolls 2a, 2b of the twin-roll continuous 

40 casting machine 1 are shaped into a roll width of 350 mm and a roll diameter of 400 mm<t>, and are Cu rolls of an internal 
water cooling system. The casting condition is set to a casting rate of 30 m/min arid a casting sheet thickness of 3.0 
mm. The Inside of the air-cut-off housing 9 is set to an Inert gas atmosphere of 1% O2. The in-line rolling mill 5 Is set 
to 2 stages, one stage and a work roll diameter of 300 mm(]>. A low carbon aluminum killed steel (0.04% C) is used as 
the casting material. The casting is cooled with water and is taken up at 650**C. 

•^5 [0052] Experiments were carried out under the conditions described above by the twin-roll continuous casting method 
of the first embodiment at the rolling temperature of 1 ,100**C for the In-line rolling mill 5 at reduction ratios of 0%, 2%, 
5%, 10%, 20%, 30%, 40%, 50%, 60% and 70% so as to confirm the surface roughness (|im), the crystal grain si^^e 
(|im), strength (kgf/mm^), elongation (%) and working skin roughness (ridging). 

[0053] The results of the experiments are tabulated in Table 1 . By the way, the results of the experiments were based 
so on the standard of approval stipulating the surface roughness of not greater than 20 ^im, the crystal grain size of 20 
to 30 jim, the strength of at least 36 kgf/mm^, elongation of at least 34% and the working skin roughness (ridging) of 
non-occurrence of seam duo to ridging. As to the strength and the elongation, 35 JIS 5 tensile tcstpieccs were prepared 
from the resulting steel sheet and were subjected to the tensile test, and the total elongation so obtained were subjected 
to statistic processing so as to determine the mean value and the standard deviation. 

55 
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Table 1 


5 


15 


Reduction ratio 
(%) 

Surface 
roughness (^m) 

Grain size (|im) 

Target strength 
kgf/mm2 

Elongation (%) 

Working skin 
roughness 

(ridging) 

0 

70 

100 

36 

17 

Occurred 

2 

40 

75 

36 

26 

Occurred 

5 

18 

30 

36 

34 

None 

10 

15 

26 

36 

43 

None 

20 

13 

22 

36 

43 

None 

30 

12 

21 

36 

43 

None 

40 

12 

21 

36 

43 

None 

50 

19 

21 

36 

43 

None 

60 

22 

21 

36 

43 

None 

70 

26 

21 

36 

43 

None 


[0054] As shown in Table 1 , the approved value (below 20 )am) of the surface roughness was obtained at the reduction 
20 ratio of 5 to 50%. The approved value (20 to 30 |im) of the crystal grain size was obtained at the reduction ratio of 5 

to 70%. The approved value (at least 34%) of the elongation was obtained at the reduction ratio of 5 to 70%, and the 

approved value (none) of the working skin roughness (ridging) was obtained at the reduction ratio of 5 to 70%. 

[0055] In other words, it was confirmed that in the twin-roll continuous casting method of the first embodiment, the 

strip having the desired surface roughness (not greater than 20 ^.m), the crystal grain size (20 to 30 }im) and the 
25 elongation (at least 34%) but devoid of the working skin roughness (ridging) could be obtained by rolling the casting 

C of the low carbon aluminum kilted steel (0.04% C) at the reduction temperature of 1 ,1 OO^'C and at the reduction ratio 

of 5 to 50%. 

Example 2 

30 

[0056] In this second embodiment, the casting material of the first embodiment is changed. More concretely, the 
second embodiment used a medium carbon aluminum killed steel (0.13% C), and the rest of the construction were the 
same as those of the first embodiment. 

[0057] Experiments were carried out under the condition described above by the twin-roll continuous casting method 
35 of the second embodiment at a rolling temperature of the in-line rolling mill 5 at 1,100*C and reduction ratios of 0%, 
2%, 5%, 10%, 20%, 30%, 40%, 50%, 60% and 70% so as to confirm the surface roughness (p.m), the crystal grain 
size (|im), the strength (Kgf/mm^), the elongation (%) and working skin roughness (ridging). 

[0058] The results of the experiments are tabulated in Table 2. The results of the judgement were based on the same 
standard of approval with the exception that the strength was set to at least 40 kgf/mm^. 

40 

Table 2 


Reduction ratio 
(%) 

Surface 
roughness (|im) 

Grain size (|im) 

Target strength 
kgf/mm2 

Elongation (%) 

Working skin 
roughness 
(ridging) 

0 

72 

105 

40 

15 

Occurred 

2 

42 

74 

40 

20 

Occurred 

5 

15 

32 

40 

29 

None 

10 

14 

24 

40 

37 

None 

20 

13 

21 

40 

39 

None 

30 

12 

20 

40 

39 

None 

40 

12 

20 

40 

41 

None 

50 

19 

21 

40 

43 

None 

60 

23 

19 

40 

41 

None 

70 

28 

21 

40 

43 

None 


[0059] As tabulated in Table 2, the approved value (not greater than 20 |j.m) of the surface roughness was obtained 
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at the reduction ratio of 5 to 50%, and the approved value (20 to 30 ^im) of the crystal grain size was obtained at the 
reduction ratio of 10 to 50%. The approved value (at least 34%) of the elongation was obtained at the reduction ratio 
of 1 0 to 70%, and the approved value (none) of the working surface roughness (ridging) was obtained at the reduction 
ratio of 5 to 70%. 

5 [0060] In other words, It was confirmed that in the twin-roll continuous casting method of the second embodiment, 
that a strip having the desired surface roughness (not greater than 20 [im), the crystal grain size (20 to 30 and 
the elongation (at least 34%) but devoid of the ridging could be obtained by rolling the casting C of the medium carbon 
aluminum killed steel (0.13% C) at the rolling temperature of 1 .100*C and at the reduction ratio of 10 to 50% by the 
in-line rolling mill 5. 

10 

Example 3 

[0061] In the third embodiment, the rolling temperature in the first embodiment was changed, and the rest of the 
conditions were the same as those of the first embodiment. 
15 [0062] More concretely, experiments were carried out by the twin-rolling continuous casting method of the third em- 
bodiment at a rolling temperature of the in-line rolling mill 5 at 850*C and reduction ratios of 0%, 2%, 5%, 10%, 20%, 
30%, 40%, 50%, 60% and 70% so as to confirm the surface roughness (^im), the crystal grain size (nm), the strength 
(kgf/mm2), the elongation (%) and working skin roughness (ridging). 

[0063] The results were tabulated in Table 3. The same standard of approval as that of the first embodiment was 
20 used for the judgement of the results. 


Table 3 


25 

Reduction ratio 
(%) 

Surface 
roughness ([im) 

Grain size ()im) 

Target strength 
kgf/mm2 

Elongation (%) 

Working skin 
roughness 
(ridging) 


0 

70 

100 

36 

17 

Occurred 


2 

50 

80 

36 

24 

Occurred 


5 

19 

35 

36 

27 

None 

30 

10 

18 

33 

36 

34 

None 


20 

17 

28 

36 

36 

None 


30 

16 

24 

36 

39 

None 


40 

15 

22 

36 

39 

None 

35 

50 

18 

22 

36 

39 

None 

60 

26 

22 

36 

41 

None 


70 

28 

22 

36 

41 

None 


[0064] As tabulated In Table 3, the approved value (not greater than 20 |im) of the surface roughness could be 
40 obtained at the reduction ratio of 5 to 50%, and the approved value (20 to 30 ^m) of the crystal grain size could be 
obtained at the reduction ratio of 20 to 70%. The approved value (at least 34%) of the elongation could be obtained at 
the reduction ratio of 10 to 70%, and the approved value (none) of the ridging coutd be obtained at the reduction ratio 
of 5 to 70%. 

[0065] In other words, it was confirmed that in the twin-rolling continuous casting method of the third embodiment, 
43 a strip having the desired surface roughness (not greater than 20 |j.m), the crystal grain size (20 to 30 }.im) and the 
elongation (at least 34%) but devoid of the ridging could be obtained by rolling the casting C of the low carbon aluminum 
killed steel (0.04% C) at a rolling temperature of 850**C and the reduction ratio of 20 to 50% by the in-line rolling mill 5. 

Example 4 

so 

[0066] In the fourth embodiment, the rolling temperature in the first embodiment was changed, and the rest of the 
conditions were the same as those of the first embodiment. 

[0067] IVIore concretely, experiments were carried out by the twin-roll continuous casting method of the fourth em* 
bodiment at a rolling temperature of the in-line rolling mill 5 at 1 ,300*C and reduction ratios of 0%, 2%. 5%, 10%, 20%, 
55 30%, 40%, 50%, 60% and 70% SO as to confirm the surface roughness (^im), the crystal grain size ((im), the strength 
(kgf/mm2)^ the elongation and the working skin roughness (ridging). 

[0068] The results of the experiments were tabulated in Table 4. The same standard of approval as that of the first 
embodiment was used for the judgement of the results. 
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Table 4 


5 


15 


Reduction ratio 
(%) 

Surface 
roughness ([im) 

Grain size (^m) 

Target strength 
kgf/mnn2 

Elongation (%) 

Working skin 
roughness 
(ridging) 

0 

70 

1 00 

36 

1 7 

WUL>U 1 1 

2 

30 

78 

36 

24 

Occurred 

5 

16 

30 

36 

34 

None 

10 

14 

26 

36 

39 

None 

20 

13 

23 

36 

41 

None 

30 

13 

24 

36 

43 

None 

40 

11 

22 

36 

41 

None 

50 

16 

21 

36 

42 

None 

60 

22 

22 

36 

44 

None 

70 

25 

21 

36 

42 

None 


[0069] As tabulated in Table 4. the approved value (not greater than 20 ^m) could be obtained at the reduction ratio 
20 of 5 to 50%, and the approved value (20 to 30 jim) of the crystal grain size could be obtained at the reduction ratio of 

5 to 70%. The approved value (at least 34%) of the elongation could be obtained at the reduction ratio of 5 to 70%, 

and the approved value (none) of the ridging could be obtained at the reduction ratio of 5 to 70%. 

[0070] In other words, it was confirmed that in the twin-roll continuous casting nr^ethod of the fourth embodiment, a 

strip having the desired surface roughness (not greater than 20 |j.m). the crystal grain size (20 to 30 M,m) and the 
25 elongation (at least 34%) but devoid of the working skin roughness could be obtained by rolling the casting C of the 

low carbon aluminum killed steel (0.04% C) at the rolling temperature of 1 ,300**C and the reduction ratio of 5 to 50% 

by the in-line rolling mill 5. 

Comparative Example 1 

30 

[0071] Next, the first Comparative Example, which was carried out in order to confirm the function and effects of the 
twin-roll continuous casting methods of the first to fourth embodiments, will be explained. In this first Comparative 
Example, the rolling temperature in the first embodiment was changed. More concretely, comparative experiments 
were carried out at a rolling temperature of 750'C and reduction ratios of 0%, 2%, 5%, 10%. 20%. 30%, 40%. 50%, 
35 60% and 70% so as to confinn the surface roughness (jim), the crystal grain size (^m), the strength (kgf/mm^), the 
elongation (%) and the working skin roughness (ridging). 

[0072] The results of the experiments were tabulated in Table 5. The same standard of approval as that of the first 
embodiment was used for the judgement of the results. 


Table 5 



Reduction ratio 

Surface 

Grain size (^im) 

Target strength 

Elongation (%) 

Working skin 


(%) 

roughness (^im) 


kgf/mm^ 


roughness 
(ridging) 

45 

0 

70 

100 

36 

17 

Occurred 

2 

50 

85 

36 

29 

Occurred 


5 

19 

45 

36 

26 

Occurred 


10 

17 

40 

36 

29 

Occurred 


20 

16 

37 

36 

30 

Occurred 

SO 

30 

15 

36 

36 

31 

Occurred 


40 

15 

32 

36 

31 

Occurred 


50 

19 

31 

36 

30 

Occurred 


60 

27 

31 

36 

31 

Occurred 

55 

70 

28 

31 

36 

31 

Occurred 


[0073] As tabulated in Table 5, the elongation (%) dropped below 34% when the crystal grain size exceeded 30 ^im 
at all the reduction ratios, the ridging occurred, and the resulting strips tailed to pass the standard of judgement. 
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[0074] In other words, in the first Comparative Example, even when the casting C of the low carbon aluminum killed 
steel (0.04% C) was rolled at the reduction ratios of 0 to 70% by the in-line rolling mill 5, sound strips could not be 
obtained at the rotting temperature of 750*^C. 

5 Comparative Example 2 

[0075] In this second Comparative Example, the rolling temperature in the first embodiment was changed. tVIore 
concretely, experiments were carried out at a rolling temperature of 1 ,350**C and reduction ratios of 0%, 2%, 5%. 1 0%, 
20%, 30%, 40%, 50%, 60% and 70% so as to confirm the surface roughness (|im), the crystal grain size (^m), the 
10 strength (kgf/mm^), the elongation (%) and the working skin roughness (ridging). 

[0076] The results of the experiments were tabulated in Table 6. The same standard of approval as that of the first 
embodiment was used for the judgement of the results. 


Table 6 


15 

Reduction ratio 

ro) 

Surface 
roughness ((xm) 

Grain size (p.m) 

Target strength 
kgf/mm2 

Elongation (%) 

Working skin 
roughness 

(ridging) 


0 

70 

100 

36 

17 

Occurred 

20 

2 

31 

88 

36 

20 

Occurred 


5 

15 

39 

36 

24 

Occurred 


10 

13 

35 

36 

26 

Occurred 


20 

12 

37 

36 

29 

Occurred 

25 

30 

13 

36 

36 

30 

Occurred 

40 

14 

38 

36 

31 

Occurred 


50 

18 

35 

36 

32 

Occurred 


60 

25 

32 

36 

34 

None 


70 

28 

31 

36 

34 

None 


30 


[0077] As tabulated in Table 6, the crystal grain size exceeded 30 |im at all the reduction ratios, the elongation 
dropped below 34% and the ridging occurred at the reduction ratios of 0 to 50%, and the resulting strips failed to pass 
the standard of judgement. 

[0078] In other words, In the second Comparative Example, even when the casting C of the low carbon aluminum 
35 killed steel (0.04% C) was rolled at the reduction ratios of 0 to 70% by the in-line rolling mill 5, sound strips could not 
be obtained at the rolling temperature of 1 ,350**C. 

[0079] As described above, it was found out by comparing the twin-roU continuous casting methods of the first to 
fourth embodiments with the first and second Comparative Examples that the strips having the desired surface rough- 
ness (not greater than 20 ^im), the crystal grain size (20 to 30 |im) and the elongation (at least 34%) but devoid of the 

40 working skin roughness could be obtained by casting the castings C of the carbon steel at the rolling temperature of 
850*C to less than 1,350**C and at the reduction ratios of 5 to 50% by the in-line rolling mill 5. Because the iwin-roll 
continuous casting method according to the present invention can produce the product thin sheet by directly conducting 
hot rolling during the transfer of the casting C without effecting cold rolling as described above, it can drastically reduce 
the cost of equipment as well as the cost of production. 

45 [0080] The temperature range of from 850"C to loss than 1 ,350**C of the rolling temperature described above is the 
temperature zone in which the austenite structure (y) exists in the matrix of the casting C and more concretely, it is the 
range where the ferrite structure (a) and the austenite structure (y) co-exist or a single layer zone of the austenite 
structure (y). 

[0081] As described above, the suitable condition of the reduction ratio with respect to the sheet thickness of the 
so casting C somewhat changes depending on the rolling temperature and the kind of the steel in each of the foregoing 
embodiments, but a desired strip can be reliably obtained within the range of the reduction ratio of 20% to 50%. By 
the way, the twin-roll continuous casting method according to the present invention is directed to the carbon steel 
having the carbon content within the range of 0.0005% to 1 .0% C. 

[0082] It is particularly noteworthy in the present invention that the present invention can obtain the product thin 
55 sheet having a crystal grain size of 20 to 30 |im. Figure 2 Is a graph showing the relation between the mean crystal 
grain size and the crystal grain size number. As shown in the graph, the carbon steels having a grain size number of 
5 or more are generally called "fine grain steel" (refer to "Lectures on Iron and Steel Technologies. New Edition", Vol. 
3. Properties of Steel Materials and Tests, pp. 414 - 419, edited by The Iron and Steel Institute of Japan). It can be 
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seen that when the crystal grain size is below 30 ^m, the steel is a fine grain steel having a grain size number of 7.5 
or more. 

[0083] In other words, the twin-roll continuous casting method according to the present invention can increase the 
ferrite grain size to the grain size number of at least 7.5 in the as-cast casting C by applying mild rolling at a reduction 
ratio of 5 to 50% during the transfer of the casting C, and can thus produce the thin sheet casting having the fine grain 
texture which is homogeneous from the surface to the inside of the casting and in both transverse and longitudinal 
directions. 

Example 5 

[0084] In this fifth embodiment, the internal atmosphere of the air-cut-off housing 9 in the first embodiment was 
changed. More concretely, the inside of the air-cut-off housing 9 was set to an inert gas atmosphere of 2% O2, and the 
rest of the conditions were the same as those of the first embodiment. 

[0085] More concretely, experiments were carried out by the twin-roll continuous casting method of the fifth embod- 
iment at a rolling temperature of the in-line rolling mill 5 of 1,100''C and reduction ratios of 0%, 2%, 5%, 10%, 20%, 
30%, 40%, 50%, 50% and 70%, so as to confinn the surface roughness (jim), the crystal grain size (\xrr\), the strength 
(kgf/mm2), the elongation (%) and the working skin roughness (ridging). 

[0086] The results were tabulated in Table 7. The same standard of approval as that of the first embodiment was 
used for the judgement of the results. 


Table 7 


Reduction ratio 
(%) 

Surface 
roughness (^m) 

Grain size (\im) 

Target strength 
kgf/mm2 

Elongation (%) 

Working skin 
roughness 
(ridging) 

0 

70 

100 

36 

17 

Occurred 

2 

43 

75 

36 

27 

Occurred 

5 

20 

30 

36 

34 

None 

10 

17 

25 

36 

41 

None 

20 

16 

23 

36 

43 

None 

30 

15 

21 

36 

42 

None 

40 

14 

22 

36 

43 

None 

50 

20 

21 

36 

45 

None 

60 

26 

20 

36 

43 

None 

70 

29 

21 

36 

43 

None 


[0087] As tabulated in Table 7, the approved value (not greater than 20 |im) of the surface roughness could be 
obtained at the reduction ratio of 5 to 50%, and the approved value (20 to 30 |.im) of the crystal grain size could be 
obtained at the reduction ratio of 5 to 70%. The approved value (36 kgf/mm^ or more) of the strength could be obtained 
at all the reduction ratios, and the approved value (at least 34%) of the elongation could be obtained al the reduction 
ratio of 5 to 70%. The approved value (none) of the ridging could be obtained at the reduction ratio of 5 to 70%. 
[0068] In other words, it was confirmed that in the twin-rolling continuous casting method of the fifth embodiment, a 
strip having the desired surface roughness (not greater than 20 nm), the crystal grain size (20 to 30 jim) and the 
elongation (at least 34%) but devoid of the ridging could be obtained by rolling tho casting C of tho low carbon aluminum 
killed steel (0.04% C) at the rolling temperature of 1 ,100*0 and at the reduction ratio of 5 to 50% by the in-line rolling 
mill 5 in the inert atmosphere of 2% O2. 

Comparative Example 3 

[0089] On the other hand, the third Comparative Example, which was carried out to confirm the function and effect 
of the twin-roll continuous casting method of the fifth embodiment, will be explained. In this third Comparative Example, 
the internal atmosphere of the air-cut-off housing 9 in the fifth embodiment was changed. More concretely, the inside 
of the air-cut-off housing 9 was set to the inert gas atmosphere of 3% O2. and comparative experiments were carried 
out at a rolling temperature of 1 ,100'C and a reduction ratios of 0%, 2%, 5%. 10%, 20%, 30%, 40%. 50%, 60% and 
70% so as to confirm the surface roughness (^m), the crystal grain size (^im), the strength (kgf/mm^), the elongation 
(%) and the working skin roughness (ridging). 

[0090] The results of the experiments were tabulated in Table 8. The same standard of approval as that of the first 
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embodiment was used for the judgement of the results. 

Table 8 



Reduction ratio 

Surface 

Grain size (\vpn) 

Target strength 

elongation (%} 

Working sl<in 

5 

/o/ \ 

(%) 

roughness (jim) 


Kgi/rnrn^ 


fridains) 


0 

70 

100 

36 

17 

Occurred 


2 

49 

76 

36 

26 

Occurred 

10 

5 

28 

29 

36 

36 

None 


10 

27 

24 

36 

39 

None 


20 

25 

23 

36 

43 

None 


30 

25 

22 

36 

42 

None 


40 

24 

22 

36 

43 

None 

15 

50 

31 

21 

36 

45 

None 


60 

36 

21 

36 

43 

None 


70 

39 

21 

36 

45 

None 


20 


25 


35 


40 


45 


50 


55 


[0091] As tabulated in Table 8, the surface roughness exceeded 20 \im at all the reduction ratios, and the resulting 
strips failed to pass the standard of approval. 

[0092] In other words, in the third embodiment, even when the casting C of the low carbon aluminum kilted steel 
{0.04% C) was rolled at the rolling temperature of 1,100**C and at the reduction ratio of 5 to 50% by the in-line rolling 
mill 5. the surface roughness Increased at the inert gas atmosphere of 3% O2, and sound strips could not be obtained. 
[0093] As described above, it was found out by comparing the twin-roll continuous casting method of the fifth em- 
bodiment with the third Comparative Example, the roughness of scales adhering to the surface of the casting C re- 
markably dropped when the gas atmosphere was set to the inert gas atmosphere of the oxygen concentration of not 
greater than 2%, and the strips devoid of the ridging could be obtained by applying hot rolling. 

30 Example 6 

[0094] Next, the twin-roll continuous casting method according to the sixth embodiment will be explained. The kind 
of the steel was a low carbon aluminum killed steel (0.04% C), the rolling temperature was 1,100*C, and the reduction 
ratios were 2%, 5%, 10% and 20%. The casting was cooled with water after rolling and was taken up at 650''C. 
[0095] At the reduction ratio of 0%, that is, in the case of the as-cast material, and at the reduction ratio of 2%, the 
standard deviation exceeds 7%. Particularly because the as-cast material has extremely great material variance, the 
mean value is low. When rolling is carried out at a reduction ratio of 6% or more, on the other hand, the standard 
deviation remains within 5%, and the mean value remains substantially constant, too, irrespective of the reduction ratio. 


Table 9 


Reduction ratio (%) 

Total elongation 

Remarks 

Mean (%) 

Standard deviation (%) 

0 (Non Rolling) 

27 

10.6 

Comparative ex. 

2 

33 

7.2 

Comparative ex. 

5 

37 

4.5 

This invention 

10 

38 

3.8 

This invention 

20 

39 

3.0 

This invention 


Example 7 

[0096] Next, the twin-roll continuous casting method according to the seventh embodiment will be explained. Steels 
having various components tabulated in Table 1 0 were continuously casted to various casting thickness shown in Table 
11, and were then rolled by variously changing the rolling temperatures and reduction ratios. Thereafter the resulting 
strips were cooled with water and taken up at 550 to 670''C. The mechanical tests and the mechanical properties were 
examined in the same way as in the sixth embodiment. The test results were also described in the right-hand column 
of Table 11. In all of Nos. 1 to 6 satisfying the condition of the present invention, the standard deviation of the total 
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elongation was within 5%, but No. 7 which was the as-cast material and No. 8 which had the reduction ratio of 3% 

exhibited the standard deviation of more than 5%, and the material variance was great. 

[0097] In No. 9 having a rolling temperature as low as 750''C. the elongation value itself was low. 


Table 10 


10 


(wt%) 

Kind of steet 

C 

Si 

Mn 

P 

S 

Al 

N 

Other elements 

A 

0.021 

0.02 

0.17 

0.012 

0.009 

0.021 

0.005 

B: 0.0021 

B 

0.043 

0.04 

0.32 

0.010 

0.011 

0.042 

0.004 

Cu: 0.12, Sn: 0.02 

C 

0.15 

0.12 

0.81 

0.015 

0.012 

0.039 

0.005 

Cr: 0.26, V: 0.04 


15 


20 


25 


30 


35 


40 


45 


SO 


55 
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Example 8 

[0098] Next, the twin-roll continuous casting apparatus according to the eighth ennbodiment will be explained. 
[0099] The twin-roll continuous casting machine is shown as a side view in Fig. 4. In this.figure, the molten metal L 

5 Is stored in a sectioned portion by the side weirs 3 and the casting rolls 2a and 2b, and said casting rolls rotate inwardly 
downward while being cooled with water. The casting C having a predetermined thickness is converted by bonding at 
roll kiss point and pulled out downward from between the casting rolls 2a and 2b. In the apparatus of this embodiment, 
the air-cut-off housing 9 seals from delivery side of the casting rolls 2a and 2b to the in-line rolling mill 5. Nitrogen gas 
is fed through a nitrogen gas pipe 13 so as to hold Inert gas atmosphere inside the air-cut-off housing 9. 

10 [0100] Inside the air-cut-off housing 9, a loop detector 19, a pinch roll 14, cooling zone 15 and a transfer roll 16 are 
disposed. More, in the delivery side of the air-cut-off housing 9, a pair of transfer roll in which one is a movable roll 17 
and the other Is a fixed roll 1 8 is disposed for adjusting the transfer distance. More, the casting temperature is measured 
by a thermometer 20 and the data is used for regulating a flow adjusting valve 22 of the cooling water W through a 
converter 21 . 

'5 [0101] Fig. 5(a) shows the air-cut-off housing 23 under the casting rolls, and Fig. 5(b) is a magnified view of A portion 
In Fig. 6(a). Fig. 6 is a front view of the air cut-off housing 23 under the casting rolls. 

[0102] From these figures, the air-cut-off housing Is disposed from the roll kiss point, the steel plate 24 at outside 
end portion is secured to maintain entirely sealing by pasting a fabric kaolin 25 thereon. More, the space between the 
sleel plate 24 and the casting rolls is held in an inert atmosphere by sliding the fabric kaolin. 

[0103] As described above, according to the twin-roll continuous casting method and the apparatus of the present 
invention, a thin sheet having excellent mechanical strength, devoid of skin roughness and having excellent surface 
roughness could be obtained by refining homogeneously the crystal grains, and the cost of equipment can be reduced. 
[0104] Because material variance is expected to similarly exist for various working forms such as the bulging property 
besides the total elongation dealt with as tho requirement of the present invention, it is believed that the effect of the 
25 present invention practically contributes to the improvements of a greater number of mechanical properties. On the 
other hand, though the present invention basically relates to a method of producing a material corresponding to a hot- 
rolled sheet from a thin cast strip, the steel sheet produced by the present invention can become a cold-rolled blank, 
too, in view of the fact that existing cold-roiled steel sheets and their plated steel sheets are produced by using a hot- 
rolled steel sheet as the blank. 

30 

Claims 

1. A twin-roll continuous casting method including the steps of pouring a molten metal of an ordinary carbon steel 
35 having a carbon content of 0.0005 to 1 wt% between a pair of water cooling casting rolls, transferring the resulting 

casting, successively rolling the resulting casting after solidification into a predetermined sheet thickness by an 
in-line rolling mill, thereafter transferring the rolled casting, and then taking up into a coil fomn by a coiler charac- 
terized in that the resulting casting after solidification is held in an inert gas atmosphere of an oxygen concentration 
of not higher than 2% from said casting rolls to the entry side of said in-line rolling mill and rolled by one pass by 
-^o said rolling mill with a reduction ratio of 5 to 50% within a temperature range in which an austenite structure exist.=i 

In the matrix thereof, whereby the rolled casting has a surface roughness not greater than 20 p.m. 

2. A twin-roll continuous casting method according to claim 1 , wherein said inert gas atmosphere is held from a kiss 
point of said twin-roll to said entry side of said in-line rolling mill. 

45 

3. A twin-roll continuous casting method according to claim 1 . wherein said temperature range In which the austenite 
structure exists in said matrix is from 850**C to 1 .350°C. 

4. A twin-roll continuous casting method according to claim 1 , wherein said temperature range in which the austenite 
so structure exists in said matrix is from 900**C to 1 ,250*C. 

Patentansprtiche 


55 


Doppelwalzen-StranggieBverfahren mit den Schritten: GiefBen eines geschmolzenen Metalls eines gewohnlichen 
Kohlenstoffstahls mit einem Kohlenstoffgehalt von 0,0005 bis 1 Gew.-% zwischen ein Paar wassergekuhlter 
GuGwalzen, Ubertragen des sich ergebenden Guf5stucks, nachfolgendes Walzen des sich ergebenden GuBstiicks 
nach dem Verfestigen zu einer vorgegebenen Blechdicke durch ein zwischengeschaltetes Walzwerk, danach er- 
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folgendes Ubertragen des gewafzten Gu3stucks und dann Aufnehmen in Rollenform durch eine Aufwickeleinrich- 
tung, dadurch gekennzeichnet daB das sich ergebende Gu3stuck nach dem Verfestigen von den GuRwalzen 
bis zur Eintrittsseite des zwischengeschalteten Walzwerks In einer Inertgasatmosphare mit einer Sauerstoffkon- 
zentration von hochstens 2 % gehalten wird und von dem Walzwerk In einenn Durchgang nnit einem Reduktions- 
verhaltnis von 6 bis 50 % innerhalb eines Temperaturbereichs, in dem eine Austenltstruktur in der Matrix auftritt, 
gewalzt wird, wobei das gewalzte GuBstuck eine Oberflachenrauliigkelt von hochstens 20 ^m aufweist. 

2. Doppelwalzen-StranggieBverfahren nach Anspruch 1 , wobei die Inertgasatmosphare von einem Beruhrungspunkt 
der Doppelwaize bis zur Eintrittsseite des zwischengeschalteten Walzwerks gehalten wird. 

3. Doppelwalzen-StrangglefBverfahren nach Anspruch 1 , wobei der Temperaturbereich, in dem die Austenltstruktur 
In der Matrix auftritt, von 850 bis 1350 **C reicht. 

4. Doppetwalzen-StranggieRverfahren nach Anspruch 1 , wobei der Temperaturbereich, in dem die Austenltstruktur 
In der Matrix auftritt, von 900 'C bis 1250 ''C reicht. 


Revendlcatlons 

1. Precede de coulee en continu ^ doubles rouleaux, comprenant les operations consistant ci verser un m6tal fondu 
en acier ordinaire en carbone avec une teneur en carbone comprise entre 0,0005 ^ 1 % en poids entre une paire 
de rouleaux de coulee refroidis a I'eau, ^ transferer la piece coulee resuttante, k laminer successivement la pi^ce 
coulee resultante apres solidification jusqu'6 une 6paisseur de feuille pr6d6termin6e par un train de laminage en 
llgnc, a transferer cnsuito la pidce coulee laminee, ct a la mcttrc ensuite sous fomne d'unc bobine a Taidc d'uno 
bobineuse, caracterise en ce que la piece coulee r6sultante est maintenue aprds solidification dans une atmos- 
phere de gaz Inerte avec une concentration d'oxygfene qui ne depasse pas 2 % depuis lesdits rouleau de coulee 
jusqu'au cdt6 d'entr^e dudit train de laminage en ligne. et laminee en une passe par ledit train de laminage avec 
un taux de reduction de 5 ^ 50 %. dans une plage de temperature dans laquelle existe une structure austenitique 
dans sa matrice, grace a quoi la piece coulee laminae pr^sente une rugosity de surface qui ne depasse pas 20 
microns. 

2. Procede de coulee en continu k doubles rouleaux selon la revendication 1 , dans lequel tadite atmosphere de gaz 
inerte est maintenue depuis un point de contact desdits doubles rouleaux jusqu'audit cote entree dudit train de 
laminage en ligne. 

3. Precede de coulee en continu a doubles rouleaux selon la revendication 1 , dans lequel iadite plage de temperature 
dans laquelle existe la structure austenitique dans Iadite matrice est comprise entre 850 et 1350**C. 

4. Procede de coulee en continu a doubles rouleaux selon la revendication 1 , dans leque) Iadite plage de temperature 
dans laquelle existe la structure austenitique dans Iadite matrice est comprise entre 900 et 1250'*C. 
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Fig. 3 
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Fig. 6 
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